(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
11 January 2001 (11.01.2001) 




PCT 



(10) International Publication Number 

WO 01/02838 Al 



(51) International Patent Classification 7 : GO IN 21/49, 
21/61, G08B 17/107 

(21) International Application Number: PCT/NZO0/001 18 

(22) International Filing Date: 3 July 2000 (03.07.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

336552 



2 July 1999 (02.07. 1999) NZ 



(71) Applicant (for all designated States except US): UNIVER- 
SITY OF OTAGO [NZ/NZ]; Leith Street, Dunedin (NZ). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): WILSON, Andrew 
[NZ/NZ]; Leith Street, Dunedin (NZ). 

(74) Agents: WEST-WALKER, Gregory, James et al.; West- 
Walker Bennett, Mobil on the Park, 157 Lambton Quay, 
Wellington (NZ). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE. DK, DM, DZ, EE, ES, FL GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA. MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS. MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT. LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

— Before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments. 

For two-letter codes and other abbreviations, i-efer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: APPARATUS AND METHOD FOR GAS SENSING 



00 

oo 



Input laser 
beam 



0 




6 7 



Retro-reflected beam 
to photo-detector 



(57) Abstract: An apparatus for remote gas sensing comprises a light source, a polarising beam splitter ( 1 ), a photodetector, a single 
polarisation preserving optical fibre (2), a gas cell (5) or a zone through which the gas passes, a quarter-wave plate (6) and a mirror 
S (7). A light beam from the light source passes through the beam splitter (1) and is focused by a lens (3) into the fibre (2) where 
it travels maintaining its polarisation state. Upon exiting the fibre (2), the light is collimated by a second lens (4) and propagates 
through the gas cell (5) and the quarter-wave plate (6) in a double pass coiinguration being retro-reflected by the mirror (7). The 
light beams is then focused back into the fibre (2) where it propagates with a polarisation state which is perpendicular to that of the 
^ forward propagating light. When light emerges from the fibre (2), it is reflected by the beam splitter (1) onto the photodetector. 
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APPARATUS AND METHOD FOR GAS SENSING 

FIELD OF INVENTION 

5 The invention relates to an optical fibre delivery system for apparatus and method for 
sensing properties of a gas such as concentration or temperature by reference to the 
attenuation of light passing through the gas (trace gas sensing). 

SUMMARY OF INVENTION 

10 

In broad terms in one aspect the invention comprises apparatus for remote gas 
sensing comprising a photodetector and a gas cell containing a gas or zone through 
which the gas passes and through which light from a light source passes and is 
reflected back to the photodetector, wherein the light source and photodetector, and 
15 the gas cell, are connected by a single polarisation preserving optical fibre through 
which light from the source passes to the gas cell, with light reflected back from the 
cell passing back through the optical fibre with a different polarisation to the 
transmitted light. 

20 In one form the apparatus of the invention more specifically comprises a light source, 
a gas cell or zone, a photodetector to receive light reflected back from the gas cell, a 
single polarisation preserving optical fibre connecting the light source and 
photodetector to the gas cell, means to polarise return light exiting the gas so that it 
re-enters the optical fibre polarised orthogonal to the transmitted light, and means at 

25 the other end of the optical fibre to split the return light from the transmitted light 
and direct the return light to the photodetector. 

In broad terms in another aspect the invention comprises a method for remote gas 
sensing utilising a photodetector and a gas cell or zone containing the gas or through 
30 which the gas passes and through which light from a source passes and is reflected 
back to the photodetector, including passing light from the source to the gas cell and 
back to the photodetector via a single polarisation preserving optical fibre such that 
the return light passes through the optical fibre with a different polarisation to that 
of the transmitted light. 



WO 01/02838 PCT/NZOO/00118 

In the apparatus and method of the invention the light source and photodetector are 
connected to the gas cell or zone via an arrangement including a polarisation 
preserving optical fibre which carries the transmitted and reflected light with 
different polarisations, which enables the photodetector and gas cell or zone to be 
5 remotely positioned from one another. The photodetector and associated electronics 
do not need to be positioned close to the gas cell or zone. The use of different 
polarisation for transmitted and reflected light eliminates unwanted optical 
interference, and enables separation of reflected from transmitted light for optical 
detection. 

10 

BRIEF DESCRIPTION OF THE DRAWING 

The accompanying drawing schematically illustrates one preferred arrangement of 
gas sensing apparatus, by way of example. 

15 

DETAILED DESCRIPTION OF PREFERRED FORM 

light from a source such as a laser passes through a polarising beam splitter 1 
which is oriented to linearly polarise the light parallel to one of the two polarisation 
20 maintaining axis of a polarisation preserving single-mode optical fibre 2. The light is 
launched into the polarisation preserving fibre by a lens 3, and propagates through 
the optical fibre mamtaining its polarisation state. 

Upon exiting the fibre, the light is collimated by a second lens 4, and propagates 
25 through a gas sample region or cell 5, in a double pass configuration using a 
quarter- wave retarder 6 and retro-reflecting mirror 7. Some of the light is absorbed 
by the gas as it propagates through the gas ample, and this is used to determine 
properties of the sample, such as concentration and temperature. 

30 Quarter-wave retarder 6 is oriented to change the polarisation state of the 
transmitted light from linear to pure circular. After retro-reflection by the mirror 7, 
the return light then passes back through the quarter-wave retarder 6, which 
changes the polarisation state of the light from circular back to linear, but with an 
orientation perpendicular to that of the forward propagating (transmitted) light. The 

35 mirror 7 is aligned so that the reflected light is launched back into the fibre, but 
because it is linearly polarised perpendicular to the forward propagating light, the 
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reflected light is polarised parallel to the other polarisation preserving axis of the 
optical fibre. This means that the forward and retro-reflected light propagates 
simultaneously through the optical fibre, but they have orthogonal linear polarisation 
states. 

5 

Upon exiting the fibre, the retro-reflected light is separated from the forward 
propagating light by the polarising beam splitter 1 , and directed to the photodetector 
where its intensity is measured. 

10 The preferred form illustrated is described by way of example. Alternative 
arrangements utilised in the concept of the invention are possible. For example in 
an alternative arrangement light exiting the optical fibre may be allowed to diverge by 
removing the collimating lens 4, and then retro-reflected using a spherical mirror 
placed a small distance equal to the radius of curvature of the mirror. In addition, 

15 separate optical components may be replaced by thin film or optical fibre based 
elements. 

The gas sample region or cell 5 may be positioned in a hostile environment (for 
example hot or toxic), a cramped environment (for example within a compact 
20 machine), or a very distant location (for example on top of a smoke stack). 

The foregoing describes the invention including a preferred form thereof. Alterations 
and modifications as will be obvious to those skilled in the art are intended to be 
incorporated within the scope hereof as defined in the accompanying claims. 
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1. An apparatus for remote gas sensing comprising a light source, a 
photodetector, a gas cell containing gas or a zone through which the gas passes and 

5 through which light from the light source passes and is reflected back to the 
photodetector, wherein the light source, photodetector and gas cell are connected by 
a single polarisation preserving optical fibre through which light from the light 
source passes to the gas cell, which light reflected back from the cell passes back 
through the optical fibre with a different polarisation to that to the light transmitted 
10 by the light source. 

2. An apparatus according to claim 1 further comprising means to polarise the 
returned light exiting the gas so that it re-enters the optical fibre polarised 
orthogonal to the transmitted light. 

15 

3. An apparatus according to either one of claims 1 and 2 further comprising 
means between the light source and the optical fibre arranged to split the returned 
light from the transmitted light and direct the returned light to the photodetector. 

20 4. An apparatus according to any one of claims 1 to 3 wherein the light source 

and photodetector are positioned remotely to the gas cell or zone. 

5. A method for remote gas sensing utilising a light source, a photodetector and 

a gas cell or zone containing gas or through which gas passes and through which 
25 light from the light source passes and is reflected back to the photodetector, 
including passing light from the source to the gas cell and back to the photodetector 
via a single polarisation preserving optical fibre such that the return light passes 
through the optical fibre with a different polarisation to that of the transmitted light. 

30 6. A method according to claim 5 further comprising polarising the returned 

light exiting the gas so that it re-enters the optical fibre polarised orthogonal to the 
transmitted light. 

7. A method according to either one of claims 5 and 6 further comprising 

35 splitting, between the light source and the optical fibre, the returned light from the 
transmitted light and directing the returned light to the photodetector. 
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8. A method according to any one of claims 5 to 7 wherein the light source and 

photodetector are positioned remotely to the gas cell or zone. 

5 9. An apparatus for remote gas sensing, substantially as herein described with 

reference to the accompanying drawing. 

10. A method for remote gas sensing, substantially as herein described with 
reference to the accompany drawing. 
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